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Disclaimer 
The contents of this report were based on the best available information at the time of 
publication.  It is based in part on various assumptions and predictions.  Conditions 
may change over time and conclusions should be interpreted in the light of the latest 
information available. 
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Summary 
Test pumping of a production bore in Narrogin took place for 24 hours in August 
2003.  Data generated by the test pumping was analysed along with groundwater 
monitoring, climate and geological data. 
A saprolite aquifer comprising fragments of weathered granitic basement and clay 
lies directly above basement and forms the main aquifer beneath Narrogin.  Seasonal 
perched and shallow unconfined aquifers also comprise the groundwater system.  
Numerous dolerite dykes that may form barriers to or carriers of groundwater have 
also been identified. 
Analysis indicated that groundwater pumping is an effective way of drawing down the 
watertable and that the production bore may be capable of a discharge rate of 
224 m3/day (2.6 L/s).  An operational water level of about 6 m bgl after six months of 
pumping is predicted.  The recommended pump inlet depth setting is 15 m bgl. 
Analysis of test pumping data has indicated initial aquifer parameters for use in 
groundwater modelling.  For the saprolite aquifer, transmissivity of 57 m2/day, 
hydraulic conductivity of 6.4 m/day and confined storage coefficient of 1.7 x 10-4 are 
recommended. 
Drawdown after six months of pumping at 224 m3/day is predicted to be 0.8 m at a 
radial distance of 385 m from the production bore and 1.5 m up to 95 m away in the 
shallow aquifer.  In addition, drawdown of the piezometric head in the saprolite 
aquifer is likely to induce drainage from above aquifers.  If lowering of the watertable 
is required beneath larger areas of the town, additional production bores spaced at 
less than 1700 m and 850 m apart may be required to drawdown the watertable by 
0.8 m and 1.5 m respectively, assuming similar conditions to the tested bore. 
Laboratory analyses of water samples from the production bore indicate very high 
levels of salinity and hardness which may lead to severe scaling and corrosion of 
pumps, pipes and pipe fittings.  The heterotrophic plate count was also high and 
coliform bacteria were present. 
To improve confidence in the effect of groundwater pumping on the watertable in 
Narrogin, aquifer parameters derived by test pumping could be incorporated into a 
computer groundwater model.  The model would predict the parts of town with a 
shallow watertable that may not be affected by pumping from the current production 
bore and so could be used to evaluate the potential for other sites and other options. 
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1. Introduction and background 
Narrogin is located approximately 170 km south-east of Perth (Figure 1-1).  Buildings, 
sporting grounds and Narrogin Brook, which passes through the centre of town, have 
been deteriorating due to saline groundwater that lies close to the soil surface 
(Crossley 2004). 
The Department of Agriculture carried out a groundwater study of Narrogin in 2002 
and Crossley (2004) provided details.  The study included drilling and construction of 
production bore 02NAPB and 58 nested monitoring bores at 28 sites. 
Global Groundwater was engaged to carry out test pumping of production bore 
02NAPB.  This report presents results of the test pumping and water sampling.  
Operational recommendations for the bore including discharge rate, predictions of 
pumping influence, pump depth settings, maintenance and monitoring are also 
provided. 
 
Figure 1-1.  Location of Narrogin townsite (from Crossley 2004) 
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2. Program description and methodology 
2.1 Drilling and bore construction 
Production bore 02NAPB was drilled in May 2002 using the mud rotary method and 
is located behind the Shire offices, near the railway line (Figure 2-1).  It was 
constructed to 16.9 m below ground level (bgl) with 155 mm NB, blank and slotted 
PVC casing.  The casing slots extend from 4.9 to 16.9 m bgl (Crossley 2004). 
Groups of two or three small diameter bores, each screened over discrete intervals or 
aquifers, form nested monitoring sites around the town.  Nine bores at four sites 
(02NA03, 02NA26, 02NA27 and 02NA28) were monitored during test pumping 
(Figure 2-1).  These bores were drilled in April and May 2002 and each was 
constructed with 50 mm NB PVC casing with 2 m slotted sections at the base of each 
bore.  The base of the casing was installed to between 13 and 18 m bgl in the deep 
bores (D), 9 m bgl in the intermediate bore (I) and 5 m bgl in the shallow and 
observation bores, designated S and OB (Crossley 2004). 
2.2 Groundwater monitoring 
Department of Agriculture staff monitor groundwater levels in bores at Narrogin, 
generally at quarterly intervals.  Groundwater monitoring data from April 2002 to 
September 2003 were provided for the test pumping analysis.  Data were used to 
estimate winter watertable rise so that drawdown assessment could consider annual 
watertable fluctuations.  Recommendations for dewatering subsequently used the 
highest seasonal water levels measured over the monitoring period as a starting 
water level. 
2.3 Climate 
Climate data (rainfall and barometric pressure) were obtained from the Bureau of 
Meteorology to assist in the analysis.  Daily rainfall records for Narrogin for August 
2003 were obtained. 
Hourly barometric pressure records were not available for Narrogin but were obtained 
from the Bureau of Meteorology for Katanning, which is the closest available station.  
Pressure data were plotted against test pumping data to determine if variations in 
drawdown were due to variations in barometric pressure.  Variations in barometric 
pressure did not appear to have a measurable effect on drawdown in the production 
and monitoring bores and correspondingly drawdown data were not corrected for 
barometric variation. 
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2.4 Test pumping 
The Department of Agriculture supervisor located nine suitable monitoring bores at 
four sites for measurement of water levels during the testing. 
A step-test comprising a series of controlled step increases in the discharge rate was 
conducted on the production bore to evaluate bore efficiency and to predict short-
term drawdown response under various pumping rates. 
The step-test was followed by a 24-hour constant-rate test.  The discharge rate for 
constant-rate testing was selected on the basis of the step-test results.  Constant-rate 
test data were used to provide estimates of aquifer hydraulic properties, evaluate 
potential long-term bore yield and likely operational water levels to facilitate planning 
for bore equipment.  Aquifer recovery was measured after the test pumping in order 
to provide a second estimate of aquifer hydraulic parameters and to assess if aquifer 
storage was depleted or if recharge had occurred during the test. 
Testing was carried out in August 2003 using an electric submersible pump with the 
discharge rate monitored and regulated using a magflow meter linked to a computer 
operated flow-control valve.  An orifice weir assembly was used to check flow-rate for 
QA purposes and water levels were measured using an electronic water level 
indicator.  Water levels in the production bore were measured within a dip tube.  
Discharge water was disposed of into the local storm water drainage system at a 
location approximately 100 m from the production bore.  Data from test pumping are 
given in the appendix. 
A water sample was obtained from the production bore at the end of the constant-
rate test.  Samples were submitted to a NATA registered laboratory for full potability 
chemical and biological analyses. 
2.5 Metadata 
Survey data used in this report were obtained from the Department of Agriculture, but 
accuracy data were not supplied. 
Water levels and above-ground bore construction measurements were obtained 
using graduated tape devices and are accurate to ±5 mm. 
Discharge rate measurements during test pumping were measured and regulated 
continuously within ±2 m3/day, by the computer-controlled valve.  These were 
checked for accuracy at a calibrated orifice weir at the end of the discharge line. 
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Figure 2-1.  Narrogin bore locations 
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3. Aquifers 
The geology at Narrogin was described by Crossley (2004) and the interpretation of 
aquifers in this report is based largely on that work. 
Narrogin is underlain by Archaean granitic and Proterozoic doleritic basement rocks 
of the Yilgarn Craton.  The basement rocks are deeply weathered with eluvium 
(products of in-situ weathering) consisting of saprolite and clay extending from the 
fresh basement rocks towards the surface.  Later stream activity has eroded the 
eluvium and deposited alluvium and the action of gravity has deposited colluvium.  
Alluvium and colluvium is up to about 12 m thick and comprises sand, clay, gravel 
and ferricrete at the sites drilled in 2002.  Crossley (2004) indicated that the total 
thickness of eluvial, alluvial and colluvial deposits above the fresh basement rocks 
intersected by drilling within the town is between 3 and 34 m. 
Above the basement rocks, sandier more permeable sections of the strata form 
aquifers and clayey or less permeable sections of strata form aquitards.  A number of 
dolerite dykes have been identified through air photo interpretation and drilling 
(Crossley 2004) and geological mapping (Chin 1986).  Where massively textured or 
weathered to clay, dolerite dykes may have low permeability and form barriers to 
groundwater movement.  Conversely where fractured, dykes can have high 
permeability and form linear aquifers, which carry groundwater.  It is unknown if 
dolerite dykes in Narrogin are groundwater carriers or barriers. 
Available data indicates the likely presence of a seasonal perched groundwater 
system, a shallow unconfined groundwater system and a deep groundwater system.  
The seasonal perched groundwater system occurs in parts of town above 
impermeable heavy clay soils and midslope as a result of bedrock highs (Crossley 
2004).  A shallow unconfined groundwater system may occur within alluvium and 
colluvium.  The deep groundwater system occurs within saprolite directly above 
granite/granodiorite basement and may be separated from overlying aquifers by 
clayey horizons. 
The main aquifers beneath Narrogin are the deep saprolite aquifers, which are 
interpreted to be semi-confined by either a kaolinitic clay layer or alluvial clay layer.  
Groundwater flow systems in the town are discontinuous and compartmentalised by 
geological structures and bedrock highs (Crossley 2004). 
Geology logs provided by the Department of Agriculture (E.K. Crossley, pers comm) 
indicate that the production bore intersected 6 m of alluvial/colluvial sediments 
comprising clay, sand, gravel and ferricrete, above saprolite comprising fragments of 
weathered bedrock and clay.  Basement was intersected at 18 m bgl.  Drilling at 
02NA26, 02NA27 and 02NA28 intersected 6 to 7 m of alluvial/colluvial sediments 
underlain by saprolite comprising fragments of weathered bedrock and clay.  
Basement was intersected at between 14 and 15 m bgl.  Drilling at 02NA03 
intersected 4 m of alluvial/colluvial sediments underlain by kaolinitic clay to 9 m bgl 
and then saprolite to basement at 18.5 m bgl. 
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On the basis of the geology, the main saprolite aquifer at the production bore site is 
interpreted to occur between 6 and 18 m bgl and is between 7 and 9.5 m thick above 
basement at 14 to 18.5 m bgl in bores 02NA26D, 02NA27D, 02NA28D and 
02NA03D. 
Shallow monitoring bores 02NA26S, 02NA27S, 02NA28S and 03NA03OB screen 
alluvial/colluvial sediments.  Geology logs provided by the Department of Agriculture 
(E.K. Crossley, pers comm) indicate that shallow sediments at these sites comprise 
clay, sand and gravel.  On this basis, the sediments screened may form shallow 
unconfined aquifers. 
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4. Test pumping results 
4.1 Step-test 
The step-test was conducted at discharge rates of 44, 65, 110, 175 and 420 m3/day.  
The data obtained for the five steps are presented as a plot of drawdown versus time 
in Figure 4-1. 
Drawdown increased rapidly to about 0.2 m immediately after commencement of 
pumping in step 1 which is largely due to well loss.  Drawdown was steady for the 
remainder of pumping in step 1.  The rate of drawdown increased steeply after the 
increase in discharge rate at the commencement of the second, third, fourth and fifth 
steps before establishing a stable trend for the later part of each step. 
The step-test results were analysed by the Hantush-Bierschenk method (Hantush 
1964) to derive a well equation (Figure 4-2) using the line of best-fit (regression).  
The equation suggests that the bore is moderately efficient at a discharge rate of 
301 m3/day with about 73% of drawdown due to flow from the aquifer and about 27% 
caused by well losses. 
4.2 Constant-rate test 
4.2.1 Production bore 02NAPB 
After reviewing the step-test results it was decided to pump bore 02NAPB at a 
discharge rate of 301 m3/day (3.5 L/s) during the constant-rate test.  The constant-
rate test data are presented as a plot of drawdown versus time in Figure 4-3. 
Rapid drawdown occurred in the production bore during the first minute of the test.  
The discharge rate was erratic for the first 30 minutes due to significant quantities of 
air in the pumping system, which may be release of dissolved gases due to a rapid 
decrease in aquifer pressure at the start of pumping.  The erratic discharge rate is 
reflected in the shape of the early part of the drawdown curve.  Effects of casing 
storage on drawdown can’t be seen in the curve as casing storage ceased prior to 
the discharge rate stabilising.  The rate of drawdown decreased slightly when the 
water level reached about 4 m bgl after about 300 minutes of pumping.  This may 
indicate the start of leakage from shallow aquifers into the saprolite aquifer however 
this effect was not significant.  After this point, drawdown remained relatively constant 
with a trend that suggests a semi-confined aquifer.  Maximum drawdown recorded 
during the test was 3.7 m, which did not reach the slotted section of the bore. 
Jacob’s straight-line analysis (Cooper and Jacob 1946) was conducted on the late 
section of the drawdown curve from 345 to 1455 minutes.  The slope of the 
drawdown curve indicates aquifer transmissivity of 69 m2/day.  Therefore, the 
average hydraulic conductivity over the 12 m thickness of saprolite aquifer 
intersected in the bore is approximately 5.7 m/day. 
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Figure 4-1.  Step-test semi-log plot for production bore 02NAPB 
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Figure 4-2.  Well equation for production bore 02NAPB 
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Figure 4-3.  Constant-rate test semi-log plot for production bore 02NAPB 
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Figure 4-4.  Constant-rate test semi-log plot for monitoring bores 
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Analysis of the data using the method of Papadopulos and Cooper (1967) indicates 
that storage in the casing affected drawdown data for about 3 minutes of the test 
(t >25r2/T).  This indicates that casing storage did not affect the section of the 
drawdown curve beyond 345 minutes used to calculate aquifer transmissivity and 
hydraulic conductivity.  Details of the analysis are given in the appendix. 
Groundwater salinity varied from 6550 to 6780 ppm (1190 to 1230 mS/m) during the 
test, based on electrical conductivity measurements made using a hand-held field 
meter. 
4.2.2 Monitoring bores 
Monitoring bore data are presented as a plot of drawdown versus time in Figure 4-4.  
Bores monitored during test pumping are located south southeast and east of the 
production bore and so do not give reliable information on potential drawdown and 
aquifer properties north and west of the production bore. 
Water levels in all bores monitored began to respond to pumping within 20 minutes of 
the start of the test.  The rate of drawdown increased within 100 minutes of the start 
of pumping and then was relatively stable before flattening off in most bores towards 
the end of the test.  The flattening is likely due to leakage from gravity drainage of 
overlying sediments.  Bores 02NA28S and 02NA28I, 28 m from the production bore 
were the exception, drawdown rate in these bores increased after about 
1160 minutes of pumping and then remained constant for the remainder of the test.  
The increase in rate of drawdown indicates either interception of a boundary within 
the upper sediments and some anisotropy in the shallow aquifer or is a feature of 
gravity drainage increasing drawdown in the shallow aquifer.  The increase in 
drawdown in 02NA28S and 02NA28I corresponds with a decrease in drawdown in 
the lower aquifer screened by 02NA28D, which supports the interpretation of 
movement of water from the upper aquifers to the lower aquifer by gravity drainage.  
Gravity drainage is likely to continue such that during long-term pumping the 
piezometric head and water level will tend towards being the same.  Correspondingly 
it is likely that over the long-term the shallow and saprolite aquifers would tend 
towards behaving as a single aquifer. 
Total drawdown in the monitoring bores at the end of pumping ranged from 0.76 m in 
bore 02NA03S to 2.09 m in bore 02NA28D, 74 m south south-east and 28 m east, 
respectively from the production bore (Table 4-1).  Drawdown in bore 02NA27S, 
27 m south of the production bore was greater than in bore 02NA28S, 28 m east of 
the production bore indicating a degree of anisotropy in the shallow aquifer or semi-
confining layer.  Drawdown in deep bores at these sites was similar suggesting 
similar properties in the saprolite aquifer in both directions. 
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Figure 4-5.  Distance-drawdown deep monitoring bores 
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Figure 4-6.  Distance-drawdown shallow monitoring bores 
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Jacob’s straight-line analysis (Cooper and Jacob 1946) was conducted on the late 
sections of the monitoring bore drawdown curves and results are given in Table 4-1.  
Drawdown curves for bores 02NA28S and 02NA28I have shapes likely affected by 
leakage to a lower aquifer.  Bores 02NA03OB, 02NA26S and 02NA27S have 
drawdown curves with shapes similar to those expected for unconfined aquifers.  The 
deep monitoring bore drawdown curves have shapes similar to those expected for 
semi-confined aquifers with some leakage from gravity drainage of shallow 
sediments above.  Once this drainage ceases, the drawdown curves may return to 
their original slopes.  On this basis, transmissivity calculated using data from the late 
stage of the test for the deep bores may be too high. 
Distance-drawdown analysis was performed on the data for the deep bores and for 
shallow bores 02NA03OB, 02NA26S and 02NA27S located south southeast of the 
production bore (Figures 4-5 and 4-6) and results are given in Table 4-1.  Distance 
drawdown data for bore 02NA28S, east of the production bore was not included in 
the analysis, as it did not plot on a straight line with data from the other shallow bores 
(Figure 4-6). 
4.3 Recovery test 
4.3.1 Production bore 02NAPB 
Recovery was monitored for 325 minutes after cessation of pumping.  Recovery data 
are given as a plot of residual drawdown versus the ratio of t/t’ in Figure 4-7. 
The slope of the residual drawdown curve from t/t’ of 5.4 to 18.6 indicates aquifer 
transmissivity is 56 m2/day and hydraulic conductivity is 4.7 m/day using the Jacob 
method (Jacob 1946).  These values are in close agreement with those derived from 
the constant-rate test. 
The extrapolated curve intersects 0 m residual drawdown at t/t' equal to 
approximately 1.1 which suggests storage was not depleted by pumping and that 
recharge did not enter the aquifer during the test (Driscoll 1986). 
4.3.2 Monitoring bores 
Recovery in monitoring bores was monitored for up to 340 minutes after cessation of 
pumping.  Recovery data for monitoring bores are given as a plot of residual 
drawdown versus the ratio of t/t’ in Figure 4-8. 
Slopes of residual drawdown curves were used to calculate aquifer transmissivity and 
hydraulic conductivity using the Jacob method (Jacob 1946) and results are 
presented in Table 4-1.  Extrapolated curves for shallow bores 02NA03OB and 
02NA28S intersect 0 m residual drawdown at t/t’ of 0.9 suggesting minor depletion of 
storage of shallow aquifers during pumping (Driscoll 1986).  Extrapolated curves for 
the remaining monitoring bores intersect 0 m residual drawdown at t/t’ of between 1.2 
and 1.5 which suggests minor leakage entered the saprolite aquifer during the test. 
These results support the interpretation of leakage from the shallow aquifers to the 
deeper saprolite aquifers during pumping. 
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Figure 4-7.  Aquifer recovery for production bore 02NAPB 
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Figure 4-8.  Aquifer recovery for monitoring bores 
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4.4 Aquifer parameters 
Parameters that were calculated from test pumping data are presented in Table 4-1.  
However, not all theoretical conditions required for analyses are met and some of the 
estimated parameters presented are likely inaccurate.  Correspondingly, estimation 
of aquifer parameters must be undertaken by interpreting the test results based on an 
understanding of testing, bore construction and the strata intersected. 
In general, the production bore data may be less reliable than monitoring bore data 
due to turbulence in the production bore created by pumping.  Correspondingly, 
recovery data may be more accurate than data collected during pumping, as 
recovery data is not affected by pumping turbulence.  Calculated transmissivity using 
drawdown data from the deep monitoring bores in Narrogin may be erroneously high 
due to possible leakage to the saprolite aquifer from overlying sediments during test 
pumping.  Aquifer parameters calculated from the distance-drawdown analyses may 
be more spatially representative as information is gained from multiple bores 
providing averaged values, but leakage from overlying to lower aquifers will effect 
these results also.  Calculations were made using data from the production bore and 
monitoring bores located east and south south-east of the production bore and so are 
less reliable for estimations of aquifer properties north and west of the production 
bore. 
Transmissivity calculated using data from the production bore and monitoring bores 
constructed within the deep saprolite aquifer ranges from 50 to 84 m2/day, hydraulic 
conductivity from 4.7 to 10.9 m/day, and storativity from 1.3 to 2.4 x 10-4 (Table 4-1).  
The calculated hydraulic conductivity is within the range of hydraulic conductivity for 
silty sand (0.1 to 10 m/day) given by Heath (1982) and this correlates with material 
intersected at the site.  Transmissivity calculated using data from shallow bores is 
similar to the deep bores ranging from 52 to 96 m2/day, but hydraulic conductivity 
was not calculated due to the unknown thickness of the upper aquifer.  However, 
storativity calculated from the shallow bores ranges from 6.8 x 10-4 to 0.014  
(Table 4-1), which is greater than the deeper bores and reflects a greater proportion 
of water coming from pore space (specific yield) rather than elastic storage (storage 
coefficient) in the upper largely unconfined aquifer. 
Correspondingly, for modelling purposes it is recommended that initial model 
parameters for the saprolite aquifer should be: 
• Transmissivity of 57 m2/day 
• Hydraulic Conductivity of 6.4 m/day 
• Storage Coefficient of 1.7 x 10-4. 
If modelled separately, initial model parameters for the upper aquifer should be: 
• Transmissivity of 78 m2/day 
• Hydraulic Conductivity to be derived after determining thickness of the aquifer 
• Storage Coefficient of 4.1 x 10-3 
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Strata likely to be acting as aquitards should initially be assigned significantly lower 
hydraulic conductivity values. 
Table 4-1.  Narrogin 2003 test pumping - aquifer parameters 
Distance 
from 
production 
bore 
Interpreted 
aquifer 
thickness 
Drawdown 
after 
24 hours 
of 
pumping 
Calculated 
transmissivity 
(m2/day) 
Calculated hydraulic 
conductivity 
(m/day) Bore  
(m) (m) (m) Const.-rate Recovery Const.-rate Recovery 
Calculated 
storativity
02NAPB 0 12 3.71 69 56 5.8 4.7  
02NA27D 27 9 2.08 84 50 9.3 5.6 1.6 x 10-4 
02NA27S 26 n/a 1.56 93 52 n/a n/a 6.8 x 10-4 
02NA28D 28 7 2.09 76 50 10.9 7.1 2.4 x 10-4 
02NA28I 28 n/a 1.36 51 69 n/a n/a 7.6 x 10-3 
02NA28S 29 n/a 0.99 59 86 n/a n/a 0.014 
02NA26D 42 9 1.91 84 50 9.3 5.6 1.3 x 10-4 
02NA26S 41 n/a 1.16 90 71 n/a n/a 1.5 x 10-3 
02NA03D 76 9.5 1.51 82 54 8.6 5.7 1.7 x 10-4 
02NA03OB 74 n/a 0.76 87 96 n/a n/a 2.2 x 10-3 
Distance-Drawdown Analysis – Deep bores 84 n/a 9.9 n/a 1.5 x 10-4 
Distance-Drawdown Analysis – Shallow bores 88 n/a n/a n/a 2.2 x 10-3 
n/a = Not applicable, could not be calculated. 
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5. Recommended operation - bore 02NAPB 
Long-term or 180 day drawdown in the production bore was predicted for various 
discharge rates by extrapolating the best-fit section of the drawdown curve recorded 
during test pumping.  An estimate of the sustainable long-term discharge rate 
(operational rate) and predicted operational water level for the production bore was 
determined from the extrapolation.  The recommended operational rate aims at 
maintaining the operational water level above the interpreted top of the saprolite 
aquifer. 
The analysis indicated that production bore 02NAPB may be capable of a long-term 
discharge rate of 224 m3/day (2.6 L/s) for an operational water level of 6 m bgl when 
pumped in isolation. 
The recommended discharge rate and operational water level predicted for the 
production bore is based on 180 days continuous pumping and is presented for 
infrastructure planning purposes only.  Sustainable discharge rates may be lower 
than that thought possible if any boundaries, such as a dolerite dyke, are intersected 
by the cone of depression, after prolonged dry periods or if annual recharge is lower 
than annual abstraction and this can only be assessed through long-term monitoring.  
The sustainable rate may also be lower if additional production bores are drilled that 
interfere with production bore 02NAPB.  Correspondingly, low flow cut-off switches 
should be installed to protect the pump in the bore. 
The pump should be set at about 15 m bgl which is about 2 m from the base of the 
bore.  The recommended pump depth setting is within the screened section of the 
bore so a pump shroud may be required to maintain water flow past the pump motor 
for cooling purposes.  Specifications of the pump (make and model) and rising main 
(type, length and internal diameter) must be documented so that pump performance 
can be assessed without needing to remove the pump from the bore. 
A dip tube with a minimum internal diameter of 19 mm must be fitted to the pump 
column in the production bore to facilitate water level monitoring.  The tube must be 
straight and accessible from the bore headworks to the top of the pump, where it 
should have a short slotted interval and basal cap.  A screwable plug should also be 
present at the surface to prevent insect infestation. The tube can be designed to 
have dual use as an airline, but an airline is not a suitable replacement.  Nominal dip 
tube design is shown in Figure 5-1. 
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Dip Tube Design and Installation - Schematic
Steel Standpipe
Discharge elbow  - eg. Galv.
gooseneck, polythene elbow etc.
 PVC tube end cap - glued
Ground
 Electric Motor
Pump
 Pump Inlet
Rising Main - Polythene
pipe, FRP, W ellmaster,
column etc.
Electric motor cable Slots cut into PVC tube
PVC dip tube.
Min. ID 19mm.
Straight & kink free
Electric cable and dip tube
fixed to rising main eg
PVC tape
 Steel top plate with fittings for rising main
and discharge elbow.  Discharge elbow
may be fixed (eg welded) to top plate.
To power source
W ater through to headworks including
non return valve, flow meter, sampling
tap, etc.
PVC >19mm ID
internally threaded
fitting – If all joints are
glued, airline & gauge
can be fitted here.
Note for airline depth to
slots must be
accurately known
Concrete pad
Bore water level
Notes.
• Nom inal only.
• Not to scale.
• Actual design dependent on client, pumping requirements and water
chem istry.
Coupling - Top plate to rising main.
Threaded plug to prevent insect
infestation.
 Bore screen
 Bore casing
 
Figure 5-1.  Dip tube design and installation 
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6. Pumping influence and dewatering 
The threshold watertable depth above which damage to town infrastructure occurs is 
variable depending on the strata at the site and on materials and methods used in 
construction.  The Department of Agriculture found that in areas prone to salinity, the 
critical depth below ground to a saline watertable is 1.5 to 1.8 m (Nulsen 1981).  
Correspondingly, incorporating a provisional safety margin of 0.2 m, it is assumed for 
the purpose of this report that the watertable beneath Narrogin must remain below at 
least 2 m to prevent damage to infrastructure from rising water.  To refine the 
threshold watertable depth above which damage to town infrastructure in Narrogin 
may occur requires investigation by both engineering and geotechnical professionals. 
The area of influence on the watertable during pumping of production bore 02NAPB 
for six months at 224 m3/day can be estimated graphically by extrapolation of the 
distance-drawdown data (Figures 4-5 and 4-6).  Drawdown at varying distances is 
calculated using the regression trend line. 
Monitoring data for bores up to 80 m from production bore 02NAPB indicated that the 
watertable was between about 0.5 and 1.2 m bgl in September 2003 (Figure 6-1).  In 
order to maintain the watertable below the assumed threshold depth of 2 m bgl, 
drawdown of up to 0.8 to 1.5 m is required. 
Analysis of distance-drawdown data for shallow bores indicates that after pumping for 
6 months at a discharge rate of 224 m3/day, drawdown of about 0.8 and 1.5 m may 
occur at 385 and 95 m, respectively from the existing production bore.  Maximum 
radial influence of the production bore may be about 1900 m.  Air photo lineament 
mapping (Crossley 2004) and geological mapping of dolerite dykes (Chin 1986) 
indicates that these structure exist within 1000 m of the production bore and so may 
have impact on the potential area of influence.  Further, as radial influence was 
calculated using data from bores located south-south-east of the production bore and 
shallow monitoring bores east of the production bore indicate a degree of aquifer 
anisotropy, the figures presented may not be valid in all directions. 
Extrapolation of distance-drawdown data for the deep bores suggests that a decline 
in the piezometric head within the saprolite aquifer by about 0.8 and 1.5 m may occur 
at 2000 and 420 m, respectively from the existing production bore after six months 
pumping at the recommended rate.  Analysis suggests a maximum radial influence of 
the production bore of about 12,000 m.  This distance of influence may be unlikely to 
occur in practice as leakage increases from overlying aquifers, but nonetheless a 
substantial effect on the piezometric surface of the saprolite aquifer is suggested. 
Greater effect of pumping is predicted on the piezometric surface of the saprolite 
aquifer than on the watertable in shallow aquifers.  Although drawdown in the deep 
saprolite aquifer is less likely to impact infrastructure in Narrogin than drawdown of 
the watertable, lowering of the piezometric head in the deep aquifer is likely to induce 
vertical drainage thereby inducing drawdown of the watertable. 
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Figure 6-1.  Depth to watertable for monitoring bores, 2002 to 2003 
6.1 Mutual interference and production bore spacing 
The influence of pumping decreases exponentially with increasing radial distance 
from the bore, and more than one production bore may be required to protect 
infrastructure in Narrogin. 
Where more than one bore is required for dewatering, calculations to estimate 
drawdown based on mutual interference between production bores are required for 
planning.  For simple situations, predictions of approximate drawdown can be 
achieved using graphical methods from distance drawdown data. 
Using graphical methods, it is assumed that bore spacing required to achieve the 
target drawdown is twice the distance from a production bore at which 50% of the 
target drawdown would be achieved.  On this basis, 100% of the target drawdown 
would be achieved by mutual interference from an adjacent production bore. 
Extrapolation of the distance-drawdown data for shallow bores (Figure 4-6) suggests 
bore spacing of no more than 1700 and 850 m would be required to achieve 
drawdown of 0.8 and 1.5 m in the watertable respectively, assuming a discharge rate 
of 224 m3/day per bore. 
The estimated distances assume a homogenous, isotropic aquifer, which is not 
present at the site, but nonetheless the predictions are useful for initial infrastructure 
planning purposes.  If higher bore discharge rates are possible, then bore spacing 
calculated herein may represent the worst case.  Conversely, if discharge rates from 
additional production bores are lower, more bores are likely to be required for 
dewatering. 
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In order to determine required bore spacing with greater confidence and to indicate 
locations for any future production bores, computer groundwater modelling is 
required.  A conceptual model of hydrogeology of Narrogin on which to base a 
computer model should be defined.  The conceptual model should incorporate 2002 
drilling data, other information contained in the Narrogin groundwater study (Crossley 
2004) including an interpretation of geological structures, long-term groundwater 
monitoring, the 2003 test pumping, predicted operational discharge rates and other 
data as necessary. 
With the conceptual model defined, a computer model could be generated to outline 
parts of town with a shallow watertable that may not be affected by pumping from the 
current production bore.  On this basis, areas that require additional production bores 
could be inferred. 
If modelling defines parts of Narrogin as requiring new production bores, these areas 
should be tested by air-core investigation drilling and further production bores 
constructed where investigation drilling identifies appropriate strata.  Areas where 
geological structures/lineaments occur should be targeted by investigation drilling as 
a priority. 
The computer model could then be revised with the new drilling data and then re-run 
to refine estimates.  This could then lead into dewatering and water disposal system 
design. 
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7. Water quality 
Results of the water quality analysis from the August 2003 testing are presented in 
Table 7-1.  Production bore 02NAPB produces water that is very high in salinity, 
hardness, sodium and chloride when compared to drinking water guidelines.  High 
salinity and hardness may lead to severe scaling and corrosion of pumps, pipes and 
pipe fittings.  The heterotrophic plate count was also high and coliform bacteria were 
present. 
Table 7-1. 02NAPB potability analysis laboratory report (SGS 2003) 
Parameter Units Guideline value Bore 02NAPB 
pH pH units 6.5-8.5B 6.7 
Electrical Conductivity mS/m 150 1400
Salinity mg/L 500A 8100
Sodium mg/L 180A 2000
Potassium mg/L 17 
Calcium mg/L 190 
Magnesium mg/L 640 
Hardness (equivalent CaCO3) mg/L 200A 3100
Iron (soluble) mg/L 0.3A <0.05
Chloride mg/L 250A 4800
Bicarbonate mg/L 170 
Sulphate mg/L 500B 390 
Nitrate mg/L 50B 4.3 
Fluoride mg/L 1.5B 0.7 
Free Cyanide mg/L 0.08B <0.01
Aluminium mg/L 0.2A <0.1 
Arsenic mg/L 0.007B <0.001
Manganese mg/L 0.5B <0.05
Lead mg/L 0.01B <0.005
Cadmium mg/L 0.002B <0.001
Faecal (Thermotolerant) Coliforms CFU/100mL 0B 0 
Total Coliforms CFU/100mL 0B 1 
Heterotrophic Plate Count @ 21oC CFU/mL 500C,D >1000
Heterotrophic Plate Count @ 37oC CFU/mL 500C,D >1000
Sediment n/a None
Odour n/a None
Colour n/a None
Turbidity n/a  None
• A. Guideline set for aesthetic reasons 
• B. Guideline set for health reasons 
• C. Not a testing requirement for potability 
• D. High numbers of non-coliform bacteria (>1000 CFU/mL) may cause an under-estimation in the count of 
coliform bacteria   
• Underlined. Indicates a parameter that exceeds Australian Drinking Water Guidelines (NH&MRC 1996). 
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8. Conclusions and recommendations 
A saprolite aquifer lying directly above granitic basement and comprising fragments 
of weathered basement rock and clay forms the main aquifer beneath Narrogin.  The 
production bore and monitoring bores within 80 m of the production bore intersected 
between 7 and 12 m of saprolite aquifer.  Perched and/or shallow unconfined 
groundwater systems within alluvium and colluvium may also occur. 
Analysis of test pumping data has indicated initial aquifer parameters for use in 
groundwater modelling.  For the saprolite aquifer, transmissivity of 57 m2/day, 
hydraulic conductivity of 6.4 m/day and storage coefficient of 1.7 x 10-4 are 
recommended.  For the shallow aquifers, transmissivity of 78 m2/day and storage 
coefficient of 4.1 x 10-3 are recommended. 
Analysis suggests that gravity drainage from the shallow aquifer to the saprolite 
aquifer occurred during test pumping.  During long-term test pumping gravity 
drainage is likely to continue and the shallow and saprolite aquifers may tend towards 
behaving as a single aquifer. 
Test pumping suggests that production bore 02NAPB may be capable of a discharge 
rate of 224 m3/day (2.6 L/sec) for an operational water level of about 6 m bgl after 
six months of pumping.  The long-term discharge rate recommended aims at 
maintaining the operational water level close to the top of the saprolite aquifer after 
six months of pumping.  The recommended pump inlet depth setting is 15 m bgl.  
This will place the pump within the screened section of the bore and a pump shroud 
may be required to maintain flow past the motor for cooling purposes.  Low flow cut-
off switches should be installed to protect pumps installed in the bore. 
Long-term monitoring of discharge rates, volumes and water levels is required to 
compare predicted water levels with actual water levels during pumping in order to 
refine the sustainable discharge rate.  If drawdown is greater than expected, 
reduction of the discharge rate will be required.  An adequate long-term monitoring 
program in Narrogin will assist identification of aquifer depletion, bores requiring 
maintenance and possible opportunities to increase the bore yield. 
Test pumping has shown that pumping of production bore 02NAPB may successfully 
lower the watertable.  Drawdown of between 0.8 and 1.5 m may be required in the 
area of the production bore in order to maintain the watertable below 2 m bgl.  
Extrapolation of distance-drawdown data for shallow bores south-south-east of the 
production bore suggest that after six months of pumping at 224 m2/day drawdown of 
0.8 m may occur up to 385 m, and drawdown of 1.5 m may occur up to 95 m from the 
production bore. 
Greater effect of pumping is predicted on the piezometric head within the saprolite 
aquifer than on the watertable.  Lowering of the piezometric head in the deep aquifer 
is likely to induce drainage from the overlying aquifer thereby enhancing drawdown of 
the watertable. 
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Test pumping has indicated that drawdown in the watertable by 0.8 and 1.5 m over 
larger areas may be achievable by bores spaced no less than 1700 and 850 m apart 
respectively, at a discharge rate of 224 m3/day per bore. 
Although 2 m bgl has been assumed in this report, the threshold watertable above 
which damage to infrastructure in Narrogin may occur has not been adequately 
defined.  Engineering and geotechnical professionals should be consulted in order to 
determine to what depth the watertable should be drawn down. 
Laboratory analyses of water samples from production bore 02NAPB indicated that 
levels of salinity, hardness, sodium and chloride were significantly higher than 
drinking water guidelines.  High salinity and hardness may lead to severe scaling and 
corrosion of pumps, pipes and pipe fittings.  The heterotrophic plate count was also 
high and coliform bacteria were present. 
To improve confidence in the effect of groundwater pumping on the watertable in 
Narrogin a computer groundwater model should be run to outline parts of town with a 
shallow watertable that may not be affected by pumping from the current production 
bore.  This may indicate areas where further production bores are required.  
Dewatering system design and options for groundwater disposal should also be 
considered. 
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Appendix: Test pumping analysis sheets and data 
Step-test Pumping Analysis Sheet 
Job No. 147g 
Client: DAWA    Calculations for Bore: 02NAPB 
Screens (mbgl): 4.880 to 16.880  Bore diameter (mm): 150.0 
Step-test Start: 14-Aug-03 14:00 Bore radius r (m): 0.075 
Step-test End: 14-Aug-03 16:30 SWL (mbgl): 0.855 
Duration (hours): 2.5 
 
Method of Analysis: Hantush-Bierschenk Method 
Regression Equation Step 1: sw =  0.0492 Ln(t) + 0.0774 
Regression Equation Step 2: sw = 0.089 Ln(t) + 0.0317 
Regression Equation Step 3: sw = 0.3006 Ln(t) + -0.6194 
Note: See drawdown plot for lines of best fit represented by the above equations. 
For well efficiency, theoretical (s) drawdown can be predicted from the slope and intercept of the curve 
derived from the plot of Q versus s/Q and then compared with the actual drawdown recorded during 
the constant rate test. 
The curve has the equation s/Q = B+CQ where B is the intercept and C is the slope.  Rearranging the 
equation s = bQ+CQ2.  Where s (total drawdown) is made up of drawdown due to laminar flow (BQ) 
regarded as being mostly due to the aquifer and drawdown due to turbulent flow (CQ2), regarded as 
mostly due to well losses.  
From the Step-test the following are derived 
Step ∆σω  
for each step 
Σ∆(σω) Q Σ∆(σω)/
Θ 
Intercept 
(B)  
Slope (C) 
1 0.25 0.25 44.00 0.0056 0.005 6.529E-06 
2 0.12 0.36 65.00 0.0056   
3 0.30 0.66 110.00 0.0060   
4 0.46 1.12 175.00 0.0064   
Therefore the characteristic curve for the bore (s = BQ+CQ2) is: 
              s = 0.0052 Q  + 6.5292E-06 Q2 
and after pumping for 30 minutes at 301 m3/day 
Predicted drawdown due to laminar flow (BQ) = 1.578 m or 73% of the total. 
Predicted drawdown due to turbulent flow (CQ) = 0.590 m or 27% of the total. 
Total predicted drawdown = 2.168 m 
Actual 30-min drawdown during constant rate test = 1.955 m 
Comments 
The bore characteristic curve provides a reasonable description of bore performance and suggests 
that of total drawdown about 73% may be attributed to flow from the aquifer indicating a moderately 
efficient bore. 
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Test Pumping Analysis Sheet 
Job No. 147g Pumped Bore: 02NAPB 
Client: DAWA Calculations for Bore: 02NAPB 
Screens (mbgl): 4.88 to 16.88  Bore Diameter (mm): 150 
Test Start: 15-Aug-03 07:00 Bore Radius r (m): 0.075 
Test End: 16-Aug-03 07:00 Discharge Rate Q (m3/day): 301 
Duration (hours): 24.0 SWL (mbgl): 0.855 
Casing Storage Effects 
The method of Papadopulos and Cooper in 1967 (t>25r2/T) was used to determine the time at which 
casing storage ceased to affect the water levels in the bore. 
Casing storage effects cease after 3 minutes. This validates the section of the curve used for the 
analysis. 
Recommended Bore Discharge Rate and Pump Depth Setting 
Extrapolation Period: 180 days or 259,200 minutes 
The 180 Day Extrapolated Drawdown (s)  = 5.52 m 
And the 180 Day Specific Capacity (Q/s) at the tested rate = 54.45 m3/day/m 
Using long-term extrapolated specific capacity, drawdown can be predicted for various discharge 
rates. 
Long-term drawdown @ 225 m3/day = 4 m 
If seasonal decline in aquifer water level of 1 m was allowed, then the long-term predicted water level 
would be 6 m bgl. 
The recommended constant (24 hour) discharge rate for the bore is 225 m3/day. 
The recommended pump inlet depth for the bore is 15 m bgl. 
Comments 
The maximum water level recorded during the test period was approximately 5 m and therefore the 
behaviour of the aquifer when the water level falls below this has not been observed.  Irrespective of 
the discharge rate recommended, the predictions are based on only short-term pumping.  Longer-term 
monitoring of water levels is required to track actual aquifer behavior.  A low flow cut-out switch is 
required to protect the pump motor should water levels fall lower than predicted.  The recommended 
pump depth setting is within the bore screen and therefore a pump shroud is recommended for cooling 
purposes.  
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Step-test Data Sheet 
Date: 14-Aug-03 Supervisor: R. Nixon  Pumped Bore: 02NAPB 
Job No: 147g  Operator: G. Watkins  Measurements on Bore: 02NAPB 
Client:  DAWA.     Distance to Pumped Bore (m): 0 
Contractor: Global Groundwater 
SWL (mbMP): 1.485 SWL (mbgl): 0.855  Pump Inlet (mbmp): 15 
MP (maToC):0.000 Start Time: 14-08-03 14:00 Available Drawdown (m): 14  
ToC (magl) : 0.630 End Time: 14-08-03 16:30 Discharge Location: 100 m north 
  Pump : SP8A-21 & HF20 Bore Internal Diam. (mm): 150.0 
 
SWL = Static water level mbMP = Metres below measuring point  mbgl = Metres below ground level 
MP = Measuring point magl = Metres above ground level ToC= Top of Casing (Bore) 
STEP Time (Hr:Min:Sec) 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawdown 
(m) Remarks 
Magflow & 4" Weir with 1" orifice @ 5" 44 (m3/d) 0.51 (L/s) 
 14:01:00 1 2.360 0.875  
 14:02:00 2    
 14:03:00 3 1.680 0.195  
 14:04:00 4 1.680 0.195  
 14:05:00 5 1.680 0.195  
 14:06:00 6 1.680 0.195  
 14:07:00 7 1.680 0.195  
1 14:08:00 8 1.685 0.200  
 14:09:00 9 1.685 0.200  
 14:10:00 10 1.685 0.200  
 14:17:00 17 1.710 0.225  
 14:20:00 20 1.710 0.225  
 14:25:00 25 1.720 0.235  
 14:30:00 30 1.730 0.245  
Magflow & 4" Weir with 1" orifice @ 10"                                    65 m3/d        0.75 L/s 
 14:31:00 31 1.815 0.330  
 14:32:00 32 1.815 0.330  
 14:33:00 33 1.820 0.335  
 14:34:00 34    
 14:35:00 35 1.830 0.345  
 14:36:00 36 1.830 0.345  
 14:37:00 37 1.830 0.345  
2 14:38:00 38 1.835 0.350  
 14:39:00 39    
 14:40:00 40 1.845 0.360  
 14:45:00 45 1.855 0.370  
 14:50:00 50 1.865 0.380  
 14:55:00 55 1.875 0.390  
 15:00:00 60 1.880 0.395  
Magflow &  4" Weir with 1" orifice @ 29.5"                              110 m3/d       1.27 L/s 
 15:01:00 61    
 15:02:00 62 2.100 0.615  
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STEP Time (Hr:Min:Sec) 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawdown 
(m) Remarks 
 15:03:00 63    
 15:04:00 64 2.115 0.630  
 15:05:00 65 2.120 0.635  
 15:06:00 66 2.125 0.640  
 15:07:00 67 2.128 0.643  
3 15:08:00 68 2.130 0.645  
 15:09:00 69 2.135 0.650  
 15:10:00 70 2.145 0.660  
 15:15:00 75 2.165 0.680  
 15:21:00 81 2.185 0.700  
 15:25:00 85 2.200 0.715 TDS 7240 ppm 
 15:30:00 90 2.220 0.735  
Magflow &  4" Weir with 1" orifice @ 75.5"                                 175 m3/d  2.03 L/s 
 15:31:00 91    
 15:32:00 92 2.535 1.050  
 15:33:00 93    
 15:34:00 94 2.610 1.125  
 15:35:00 95 2.620 1.135  
 15:36:00 96 2.630 1.145  
4 15:37:00 97 2.640 1.155  
 15:38:00 98 2.650 1.165  
 15:39:00 99 2.660 1.175  
 15:40:00 100 2.665 1.180  
 15:45:00 105 2.700 1.215 TDS 7510 ppm 
 15:50:00 110 2.720 1.235  
 15:55:00 115 2.745 1.260  
 16:00:00 120 2.765 1.280  
Magflow & 4" Weir with 1.5" orifice                                            420 m3/d     4.86 L/s 
 16:01:00 121    
 16:02:00 122 4.350 2.865  
 16:03:00 123 4.400 2.915  
 16:04:00 124 4.510 3.025  
 16:05:00 125 4.530 3.045  
 16:06:00 126 4.570 3.085  
5 16:07:00 127    
 16:08:00 128 4.660 3.175  
 16:09:00 129    
 16:10:00 130 4.730 3.245  
 16:15:00 135 4.865 3.380 TDS 7510 ppm 
 16:20:00 140 4.970 3.485  
 16:25:00 145 5.050 3.565  
 16:30:00 150 5.100 3.615  
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Constant-Rate Test - Data Sheet 
Test Start: 15-Aug-03  07:00  Test End: 16-Aug-03  07:00 
Job No. 147g    Pumped Bore: 02NAPB 
Client: DAWA   Measurements on Bore: 02NAPB 
Contractor: Global Groundwater  Supervisor: R. Nixon 
SWL (mbMP): 1.485 1.500 Pump Inlet (mbmp): 15.00 
MP (maTOC): 0.000  Available Drawdown (m): 13.52 
TOC (magl): 0.630  Discharge Dist. & Direction: 100 m north 
SWL (mbgl): 0.855  Bore Internal Diameter (mm): 150 
Pump Used: Lowara HF20 Flow (L/s): 3.48 Flow (m3/day): 301 
Flow device: Magflow with QA calibrated 4" Weir 2 1/2" orifice @ 44" manometer height 
Number of other Bores Monitored: 9 
SWL = Static water level mbMP = Metres below measuring point mbgl = Metres below ground level  
MP = Measuring point magl = Metres above ground level  ToC= Top of Casing (Bore) 
Reading Taken 
Date          (Hr:Min:Sec) 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawdown 
(m) 
Corrected 
Drawdown 
(m) 
Comments 
15-Aug-03  07:01:00 1.0 2.560 1.075 1.075 Chlorinated at start of test 
15-Aug-03  07:02:00 2.0 2.470 0.985 0.985  
15-Aug-03  07:03:00 3.0 2.350 0.865 0.865  
15-Aug-03  07:04:00 4.0 2.340 0.855 0.855  
15-Aug-03  07:05:00 5.0 2.330 0.845 0.845  
15-Aug-03  07:06:00 6.0 2.350 0.865 0.865  
15-Aug-03  07:07:00 7.0 2.370 0.885 0.885  
15-Aug-03  07:08:00 8.0 2.380 0.895 0.895  
15-Aug-03  07:09:00 9.0 2.385 0.900 0.900  
15-Aug-03  07:10:00 10.0 2.390 0.905 0.905  
15-Aug-03  07:15:00 15.0 2.740 1.255 1.255  
15-Aug-03  07:21:00 21.0 2.940 1.455 1.455  
15-Aug-03  07:26:00 26.0 3.280 1.795 1.795  
15-Aug-03  07:30:00 30.0 3.440 1.955 1.955 Rate fully stabilised 
15-Aug-03  07:35:00 35.0 3.630 2.145 2.145 6550 TDS ppm 
15-Aug-03  07:43:00 43.0 3.740 2.255 2.255  
15-Aug-03  07:45:00 45.0 3.780 2.295 2.295  
15-Aug-03  07:50:00 50.0 3.830 2.345 2.345  
15-Aug-03  08:00:00 60.0 3.900 2.415 2.415 6590 TDS ppm 
15-Aug-03  08:10:00 70.0 3.990 2.505 2.505  
15-Aug-03  08:20:00 80.0 4.020 2.535 2.535  
15-Aug-03  08:40:00 100.0 4.135 2.650 2.650  
15-Aug-03  09:00:00 120.0 4.200 2.715 2.715  
15-Aug-03  09:20:00 140.0 4.290 2.805 2.805  
15-Aug-03  09:44:00 164.0 4.355 2.870 2.870  
15-Aug-03  10:00:00 180.0 4.400 2.915 2.915 6600 TDS ppm 
15-Aug-03  10:30:00 210.0 4.460 2.975 2.975  
15-Aug-03  11:00:00 240.0 4.510 3.025 3.025 6780 TDS ppm 
15-Aug-03  11:41:00 281.0 4.595 3.110 3.110  
15-Aug-03  12:00:00 300.0 4.625 3.140 3.140 6650 TDS ppm 
15-Aug-03  12:45:00 345.0 4.680 3.195 3.195  
15-Aug-03  13:15:00 375.0 4.705 3.220 3.220 6670 TDS ppm 
15-Aug-03  13:30:00 390.0 4.740 3.255 3.255  
15-Aug-03  14:29:00 449.0 4.795 3.310 3.310 6700 TDS ppm 
NARROGIN TEST PUMPING 
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Reading Taken 
Date          (Hr:Min:Sec) 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawdown 
(m) 
Corrected 
Drawdown 
(m) 
Comments 
15-Aug-03  14:57:00 477.0 4.810 3.325 3.325  
15-Aug-03  15:20:00 500.0 4.830 3.345 3.345 6680 TDS ppm 
15-Aug-03  16:00:00 540.0 4.860 3.375 3.375  
15-Aug-03  17:08:00 608.0 4.910 3.425 3.425 6640 TDS ppm 
15-Aug-03  18:07:00 667.0 4.935 3.450 3.450 6610 TDS ppm 
15-Aug-03  19:04:00 724.0 4.990 3.505 3.505 6670 TDS ppm 
15-Aug-03  20:04:00 784.0 5.015 3.530 3.530 6650 TDS ppm 
15-Aug-03  21:10:00 850.0 5.035 3.550 3.550 6740 TDS ppm 
15-Aug-03  22:02:00 902.0 5.050 3.565 3.565 6740 TDS ppm 
15-Aug-03  22:57:00 957.0 5.055 3.570 3.570 6740 TDS ppm 
16-Aug-03  00:04:00 1024.0 5.060 3.575 3.575 6740 TDS ppm 
16-Aug-03  01:03:00 1083.0 5.090 3.605 3.605 6740 TDS ppm 
16-Aug-03  02:01:00 1141.0 5.130 3.645 3.645 6650 TDS ppm 
16-Aug-03  02:59:00 1199.0 5.130 3.645 3.645 6740 TDS ppm 
16-Aug-03  04:03:00 1263.0 5.150 3.665 3.665 6730 TDS ppm 
16-Aug-03  05:01:00 1321.0 5.154 3.669 3.669 6750 TDS ppm 
16-Aug-03  06:01:00 1381.0 5.170 3.685 3.685 6600 TDS ppm 
16-Aug-03  07:00:00 1440.0 5.190 3.705 3.705  
16-Aug-03  07:15:00 1455.0 5.192 3.707 3.707 Water sample taken 
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Monitoring Bore - Data Sheet 
Date: 15-Aug-03 07:00  Job No. 147g  Client: DAWA 
Test Start: 15-Aug-03 07:00  Number of other Bores Monitored: 9 
Measurements on Bore: 02NA26S   Measurements on Bore: 02NA26D 
Distance from Pumped Bore (m): 40.58  Distance From Pumped Bore (m): 41.71 
SWL (mbMP): 1.627 MP (magl): 0.646 Top HW SWL (mbmp): 1.630  MP (magl): 0.630 
SWL (mbgl): 0.981 Bore Diam. (mm): 55.2  SWL (mbgl): 1.000 Bore Diam. (mm): 55.2 
SWL Measured on: 14-Aug-03  13:41   SWL Measured on: 14-Aug-03 13:40 
SWL = Static water level      mbMP = Metres below measuring point      mbgl = Metres below ground level 
MP = Measuring point        magl = Metres above ground level   ToC= Top of Casing (Bore) 
 
Date 
Time 
Hr:Min:Sec 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawdown 
(m) 
Corrected 
Drawdown 
(m) 
Date Time 
(Hr:Min:Sec) 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawdown 
(m) 
Corrected 
Drawdown 
(m) 
15-Aug-03 07:04:00 4.0 1.656 0.029 0.029 15-Aug-03  07:05:00 5.0 1.761 0.131 0.131 
15-Aug-03 07:24:00 24.0 1.725 0.098 0.098 15-Aug-03  07:25:00 25.0 2.002 0.372 0.372 
15-Aug-03  07:52:00 52.0 1.847 0.220 0.220 15-Aug-03  07:53:00 53.0 2.254 0.624 0.624 
15-Aug-03  08:37:00 97.0 1.974 0.347 0.347 15-Aug-03  08:38:00 98.0 2.490 0.860 0.860 
15-Aug-03  09:26:00 146.0 2.127 0.500 0.500 15-Aug-03  09:27:00 147.0 2.668 1.038 1.038 
15-Aug-03  10:10:00 190.0 2.220 0.593 0.593 15-Aug-03  10:11:00 191.0 2.802 1.172 1.172 
15-Aug-03  11:05:00 245.0 2.303 0.676 0.676 15-Aug-03  11:14:00 254.0 2.919 1.289 1.289 
15-Aug-03  11:56:00 296.0 2.355 0.728 0.728 15-Aug-03  11:57:00 297.0 2.998 1.368 1.368 
15-Aug-03  13:17:00 377.0 2.420 0.793 0.793 15-Aug-03  13:18:00 378.0 3.090 1.460 1.460 
15-Aug-03  14:11:00 431.0 2.463 0.836 0.836 15-Aug-03  14:12:00 432.0 3.147 1.517 1.517 
15-Aug-03  15:25:00 505.0 2.510 0.883 0.883 15-Aug-03  15:26:00 506.0 3.210 1.580 1.580 
15-Aug-03  16:57:00 597.0 2.555 0.928 0.928 15-Aug-03  16:58:00 598.0 3.270 1.640 1.640 
15-Aug-03  18:14:00 674.0 2.592 0.965 0.965 15-Aug-03  18:15:00 675.0 3.317 1.687 1.687 
15-Aug-03  19:13:00 733.0 2.615 0.988 0.988 15-Aug-03  19:14:00 734.0 3.345 1.715 1.715 
15-Aug-03  20:14:00 794.0 2.636 1.009 1.009 15-Aug-03  20:00:00 780.0 3.372 1.742 1.742 
15-Aug-03  21:17:00 857.0 2.660 1.033 1.033 15-Aug-03  21:18:00 858.0 3.399 1.769 1.769 
15-Aug-03  22:08:00 908.0 2.673 1.046 1.046 15-Aug-03  22:09:00 909.0 3.417 1.787 1.787 
15-Aug-03  23:05:00 965.0 2.687 1.060 1.060 15-Aug-03  23:06:00 966.0 3.433 1.803 1.803 
16-Aug-03  00:09:00 1029.0 2.703 1.076 1.076 16-Aug-03  00:10:00 1030.0 3.449 1.819 1.819 
16-Aug-03  02:11:00 1151.0 2.732 1.105 1.105 16-Aug-03  02:12:00 1152.0 3.484 1.854 1.854 
16-Aug-03  03:06:00 1206.0 2.742 1.115 1.115 16-Aug-03  03:07:00 1207.0 3.487 1.857 1.857 
16-Aug-03  04:09:00 1269.0 2.755 1.128 1.128 16-Aug-03  04:10:00 1270.0 3.512 1.882 1.882 
16-Aug-03  05:06:00 1326.0 2.769 1.142 1.142 16-Aug-03  05:07:00 1327.0 3.524 1.894 1.894 
16-Aug-03  06:10:00 1390.0 2.783 1.156 1.156 16-Aug-03  06:11:00 1391.0 3.538 1.908 1.908 
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Monitoring Bore - Data Sheet 
Date: 15-Aug-03 07:00  Job No. 147g  Client: DAWA 
Test Start: 15-Aug-03 07:00  Number of other Bores Monitored: 9 
Measurements on Bore: 02NA27S   Measurements on Bore: 02NA27D 
Distance from Pumped Bore (m): 26.01 Tape  Distance From Pumped Bore (m) 27.37 
SWL (mbMP): 1.555 MP (magl): 0.578 Top HW   SWL (mbmp): 1.581  MP (magl): 0.595 Top PVC 
SWL (mbgl): 0.977 Bore Diam. (mm): 55.2  SWL (mbgl): 0.986 Bore Diam. (mm): 55.2 
SWL Measured on: 14-Aug-03 13:44   SWL Measured on: 14-Aug-03 13:43 
SWL = Static water level mbMP = Metres below measuring point mbgl = Metres below ground level 
MP = Measuring point  magl = Metres above ground level ToC= Top of Casing (Bore) 
 
Date Time Hr:Min:Sec 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawdown 
(m) 
Corrected 
Drawdown 
(m) 
Date Time Hr:Min:Sec 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawd
own 
(m) 
Corrected 
Drawdown 
(m) 
15-Aug-03  07:02:00 2.0 1.583 0.028 0.028 15-Aug-03 07:03:00 3.0 1.751 0.170 0.170 
15-Aug-03  07:22:00 22.0 1.736 0.181 0.181 15-Aug-03 07:23:00 23.0 2.045 0.464 0.464 
15-Aug-03  07:50:00 50.0 1.946 0.391 0.391 15-Aug-03   07:51:00 51.0 2.342 0.761 0.761 
15-Aug-03  08:35:00 95.0 2.192 0.637 0.637 15-Aug-03   08:36:00 96.0 2.597 1.016 1.016 
15-Aug-03  09:24:00 144.0 2.370 0.815 0.815 15-Aug-03   09:25:00 145.0 2.780 1.199 1.199 
15-Aug-03  10:08:00 188.0 2.496 0.941 0.941 15-Aug-03   10:09:00 189.0 2.913 1.332 1.332 
15-Aug-03  11:03:00 243.0 2.597 1.042 1.042 15-Aug-03   11:04:00 244.0 3.030 1.449 1.449 
15-Aug-03  11:54:00 294.0 2.673 1.118 1.118 15-Aug-03   11:55:00 295.0 3.116 1.535 1.535 
15-Aug-03  13:15:00 375.0 2.749 1.194 1.194 15-Aug-03 13:16:00 376.0 3.210 1.629 1.629 
15-Aug-03  14:09:00 429.0 2.795 1.240 1.240 15-Aug-03   14:10:00 430.0 3.270 1.689 1.689 
15-Aug-03  15:20:00 500.0 2.840 1.285 1.285 15-Aug-03   15:21:00 501.0 3.335 1.754 1.754 
15-Aug-03  16:55:00 595.0 2.890 1.335 1.335 15-Aug-03   16:56:00 596.0 3.400 1.819 1.819 
15-Aug-03  18:12:00 672.0 2.920 1.365 1.365 15-Aug-03   18:13:00 673.0 3.440 1.859 1.859 
15-Aug-03  19:10:00 730.0 2.945 1.390 1.390 15-Aug-03   19:11:00 731.0 3.470 1.889 1.889 
15-Aug-03  20:11:00 791.0 2.963 1.408 1.408 15-Aug-03   20:12:00 792.0 3.497 1.916 1.916 
15-Aug-03  21:15:00 855.0 2.991 1.436 1.436 15-Aug-03   21:16:00 856.0 3.541 1.960 1.960 
15-Aug-03  22:06:00 906.0 3.009 1.454 1.454 15-Aug-03   22:07:00 907.0 3.542 1.961 1.961 
15-Aug-03  23:03:00 963.0 3.026 1.471 1.471 15-Aug-03   23:04:00 964.0 3.555 1.974 1.974 
16-Aug-03  00:07:00 1027.0 3.038 1.483 1.483 16-Aug-03   00:08:00 1028.0 3.571 1.990 1.990 
16-Aug-03  02:09:00 1149.0 3.067 1.512 1.512 16-Aug-03   02:10:00 1150.0 3.612 2.031 2.031 
16-Aug-03  03:04:00 1204.0 3.080 1.525 1.525 16-Aug-03   03:05:00 1205.0 3.625 2.044 2.044 
16-Aug-03  04:06:00 1266.0 3.088 1.533 1.533 16-Aug-03   04:07:00 1267.0 3.636 2.055 2.055 
16-Aug-03  05:04:00 1324.0 3.102 1.547 1.547 16-Aug-03   05:05:00 1325.0 3.652 2.071 2.071 
16-Aug-03  06:08:00 1388.0 3.112 1.557 1.557 16-Aug-03   06:09:00 1389.0 3.664 2.083 2.083 
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Monitoring Bore - Data Sheet 
Date: 15-Aug-03 07:00 Job No. 147g Client: DAWA 
Test Start: 15-Aug-03 07:00 Number of other Bores Monitored: 9 
Measurements on Bore: 02NA28D Measurements on Bore: 02NA28I 
Distance from Pumped Bore (m): 28.19 Distance from Pumped Bore (m): 28.31 
SWL (mbMP): 1.113 MP (magl): .601 top HW SWL (mbmp): 1.201 MP (magl): 0.576 Top HW 
SWL (mbgl): 0.512 Bore Diam. (mm): 55.2 SWL (mbgl): 0.625 Bore Diam. (mm): 55.2 
SWL Measured on: 14-Aug-03 13:26 SWL Measured on: 14-Aug-03 13:27 
SWL = Static water level mbMP = Metres below measuring point mbgl = Metres below ground level 
MP = Measuring point magl = Metres above ground level ToC= Top of Casing (Bore) 
 
Date Time Hr:Min:Sec 
Elapsed 
Time 
(Min) 
Water 
Level 
(m) 
Drawdown 
(m) 
Corrected 
Drawdown 
(m) 
Date Time Hr:Min:Sec 
Elapsed 
Time 
(Min) 
Water 
level 
(m) 
Drawdown 
(m) 
Corrected 
Drawdown 
(m) 
15-Aug-03  07:12:00 12.0 1.441 0.328 0.328 15-Aug-03   07:13:00 13.0 1.299 0.098 0.098 
15-Aug-03  07:32:00 32.0 1.730 0.617 0.617 15-Aug-03   07:33:00 33.0 1.426 0.225 0.225 
15-Aug-03  07:58:00 58.0 1.974 0.861 0.861 15-Aug-03   07:59:00 59.0 1.583 0.382 0.382 
15-Aug-03  08:44:00 104.0 2.196 1.083 1.083 15-Aug-03   08:45:00 105.0 1.744 0.543 0.543 
15-Aug-03  09:31:00 151.0 2.363 1.250 1.250 15-Aug-03   09:32:00 152.0 1.879 0.678 0.678 
15-Aug-03  10:17:00 197.0 2.490 1.377 1.377 15-Aug-03   10:18:00 198.0 1.977 0.776 0.776 
15-Aug-03  11:19:00 259.0 2.602 1.489 1.489 15-Aug-03   11:20:00 260.0 2.059 0.858 0.858 
15-Aug-03  12:07:00 307.0 2.681 1.568 1.568 15-Aug-03   12:06:00 306.0 2.111 0.910 0.910 
15-Aug-03  13:22:00 382.0 2.764 1.651 1.651 15-Aug-03   13:23:00 383.0 2.162 0.961 0.961 
15-Aug-03  14:16:00 436.0 2.820 1.707 1.707 15-Aug-03   14:17:00 437.0 2.195 0.994 0.994 
15-Aug-03  15:32:00 512.0 2.880 1.767 1.767 15-Aug-03   15:33:00 513.0 2.250 1.049 1.049 
15-Aug-03  17:04:00 604.0 2.940 1.827 1.827 15-Aug-03   17:05:00 605.0 2.287 1.086 1.086 
15-Aug-03  18:20:00 680.0 2.980 1.867 1.867 15-Aug-03   18:21:00 681.0 2.310 1.109 1.109 
15-Aug-03  19:15:00 735.0 3.010 1.897 1.897 15-Aug-03   19:16:00 736.0 2.330 1.129 1.129 
15-Aug-03  20:18:00 798.0 3.047 1.934 1.934 15-Aug-03   20:19:00 799.0 2.372 1.171 1.171 
15-Aug-03  21:25:00 865.0 3.052 1.939 1.939 15-Aug-03   21:26:00 866.0 2.391 1.190 1.190 
15-Aug-03  22:18:00 918.0 3.074 1.961 1.961 15-Aug-03   22:19:00 919.0 2.404 1.203 1.203 
15-Aug-03  23:16:00 976.0 3.096 1.983 1.983 15-Aug-03   23:17:00 977.0 2.416 1.215 1.215 
16-Aug-03  00:16:00 1036.0 3.115 2.002 2.002 16-Aug-03   00:17:00 1037.0 2.431 1.230 1.230 
16-Aug-03  02:18:00 1158.0 3.133 2.020 2.020 16-Aug-03   02:19:00 1159.0 2.472 1.271 1.271 
16-Aug-03  03:15:00 1215.0 3.161 2.048 2.048 16-Aug-03   03:16:00 1216.0 2.489 1.288 1.288 
16-Aug-03  04:17:00 1277.0 3.175 2.062 2.062 16-Aug-03   04:18:00 1278.0 2.514 1.313 1.313 
16-Aug-03  05:13:00 1333.0 3.189 2.076 2.076 16-Aug-03   05:14:00 1334.0 2.533 1.332 1.332 
16-Aug-03  06:20:00 1400.0 3.205 2.092 2.092 16-Aug-03   06:21:00 1401.0 2.560 1.359 1.359 
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Monitoring Bore - Data Sheet 
Date: 15-Aug-03 07:00  Job No. 147g Client: DAWA 
Test Start: 15-Aug-03 07:00  Number of other Bores Monitored: 9 
Measurements on Bore: 02NA28S Distance from Pumped Bore (m): 28.57 
SWL (mbMP): 1.225   MP (magl): 0.558 T op HW 
SWL (mbgl): 0.667  Bore Diam. (mm): 55.2   SWL Measured on: 14-Aug-03 13:29  
SWL = Static water level  mbMP = Metres below measuring point  
MP = Measuring point magl = Metres above ground level 
 
Date Time (Hr:Min:Sec) 
Elapsed Time 
(Min) 
Water Level 
(m) 
Drawdown 
(m) 
Corrected 
Drawdown 
(m) 
15-Aug-03   07:14:00 14.0 1.267 0.042 0.042 
15-Aug-03   07:35:00 35.0 1.328 0.103 0.103 
15-Aug-03   08:00:00 60.0 1.422 0.197 0.197 
15-Aug-03   08:46:00 106.0 1.530 0.305 0.305 
15-Aug-03   09:32:00 152.0 1.602 0.377 0.377 
15-Aug-03   10:19:00 199.0 1.672 0.447 0.447 
15-Aug-03   11:21:00 261.0 1.724 0.499 0.499 
15-Aug-03   12:05:00 305.0 1.763 0.538 0.538 
15-Aug-03   13:24:00 384.0 1.810 0.585 0.585 
15-Aug-03   14:18:00 438.0 1.840 0.615 0.615 
15-Aug-03   15:34:00 514.0 1.885 0.660 0.660 
15-Aug-03   17:05:00 605.0 1.930 0.705 0.705 
15-Aug-03   18:21:00 681.0 1.960 0.735 0.735 
15-Aug-03   19:16:00 736.0 1.985 0.760 0.760 
15-Aug-03   20:22:00 802.0 2.010 0.785 0.785 
15-Aug-03   21:27:00 867.0 2.038 0.813 0.813 
15-Aug-03   22:20:00 920.0 2.055 0.830 0.830 
15-Aug-03   23:18:00 978.0 2.072 0.847 0.847 
16-Aug-03   00:19:00 1039.0 2.100 0.875 0.875 
16-Aug-03   02:20:00 1160.0 2.137 0.912 0.912 
16-Aug-03   03:17:00 1217.0 2.166 0.941 0.941 
16-Aug-03   04:19:00 1279.0 2.176 0.951 0.951 
16-Aug-03   05:15:00 1335.0 2.195 0.970 0.970 
16-Aug-03   06:22:00 1402.0 2.218 0.993 0.993 
 
NARROGIN TEST PUMPING 
39 
Recovery - Data Sheet 
Test Start: 15-Aug-03 07:00  Test End: 16-Aug-03  07:00 
Job No. 147g   Pumped Bore: 02NAPB 
Client: DAWA   Measurements on Bore: 02NAPB 
Contractor: Global Groundwater Supervisor: R. Nixon 
SWL (mbMP): 1.485  Preceding Constant Rate Test Flow (m3/day): 301 
MP (maTOC): 0.000     (L/s): 3.48 
TOC (magl): 0.630 Pump Start Time: 7:00:00 
SWL (mbgl): 0.855 Pump Stop Time: 7:00:00 
Number of other Bores Monitored: 9 
SWL = Static water level mbMP = Metres below measuring point mbgl = Metres below ground level 
MP = Measuring point magl = Metres above ground level  ToC= Top of Casing (Bore) 
 
Date            Time 
(Hr:Min:Sec) 
Time since 
Pumping 
Stopped 
(t') (Min) 
Ratio t/t' 
(m) 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual 
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
16-Aug-03  07:01:00 1.00 1441.00     
16-Aug-03  07:02:00 2.00 721.00     
16-Aug-03  07:03:00 3.00 481.00     
16-Aug-03  07:04:00 4.00 361.00     
16-Aug-03  07:05:00 5.00 289.00 3.320 1.835 1.835 1.879 
16-Aug-03  07:06:00 6.00 241.00 3.315 1.830 1.830 1.884 
16-Aug-03  07:07:00 7.00 206.71 3.310 1.825 1.825 1.889 
16-Aug-03  07:08:00 8.00 181.00 3.280 1.795 1.795 1.920 
16-Aug-03  07:09:00 9.00 161.00 3.260 1.775 1.775 1.940 
16-Aug-03  07:10:00 10.00 145.00 3.235 1.750 1.750 1.965 
16-Aug-03  07:15:00 15.00 97.00 3.150 1.665 1.665 2.051 
16-Aug-03  07:20:00 20.00 73.00 3.080 1.595 1.595 2.123 
16-Aug-03  07:26:00 26.00 56.38 3.010 1.525 1.525 2.194 
16-Aug-03  07:31:00 31.00 47.45 2.970 1.485 1.485 2.235 
16-Aug-03  07:35:00 35.00 42.14 2.925 1.440 1.440 2.281 
16-Aug-03  07:40:00 40.00 37.00 2.895 1.410 1.410 2.312 
16-Aug-03  07:52:00 52.00 28.69 2.815 1.330 1.330 2.395 
16-Aug-03  08:01:00 61.00 24.61 2.760 1.275 1.275 2.452 
16-Aug-03  08:11:00 71.00 21.28 2.715 1.230 1.230 2.500 
16-Aug-03  08:22:00 82.00 18.56 2.680 1.195 1.195 2.537 
16-Aug-03  08:40:00 100.00 15.40 2.595 1.110 1.110 2.626 
16-Aug-03  08:55:00 115.00 13.52 2.545 1.060 1.060 2.680 
16-Aug-03  09:20:00 140.00 11.29 2.470 0.985 0.985 2.760 
16-Aug-03  10:00:00 180.00 9.00 2.375 0.890 0.890 2.864 
16-Aug-03  11:03:00 243.00 6.93 2.250 0.765 0.765 3.002 
16-Aug-03  12:25:00 325.00 5.43 2.160 0.675 0.675 3.109 
 
NARROGIN TEST PUMPING 
40 
Monitoring Bore - Data Sheet 
Date: 15-Aug-03 07:00 Job No. 147g Client: DAWA 
Test Start: 15-Aug-03 07:00 Number of other Bores Monitored: 9 
Measurements on Bore: 02NA03OB Measurements on Bore: 02NA03D 
Distance from Pumped Bore (m): 74.42 Distance  From Pumped Bore (m) 75.95 
SWL (mbMP): 1.787 MP (magl): 0.680 Top HW SWL (mbmp): 1.888 MP (magl): 0.713 Top HW 
SWL (mbgl): 1.107 Bore Diam. (mm): 55.2 SWL (mbgl): 1.175 Bore Diam. (mm): 55.2 
SWL Measured on: 14-Aug-03 13:37 SWL Measured on: 14-Aug-03 13:34 
SWL = Static water level mbMP = Metres below measuring point mbgl = Metres below ground level 
MP = Measuring point magl = Metres above ground level ToC= Top of Casing (Bore) 
 
Date  Time Elapsed Time 
Water 
Level Drawdown 
Corrected 
Drawdown Date   Time 
Elapsed 
Time 
Water 
Level Drawdown 
Corrected 
Drawdown 
(Hr:Min:Sec) (Min) (m) (m) (m) (Hr:Min:Sec) (Min) (m) (m) (m) 
15-Aug-03  07:06:00 6.0 1.803 0.016 0.016 15-Aug-03  07:07:00 7.0 1.941 0.053 0.053 
15-Aug-03  07:27:00 27.0 1.813 0.026 0.026 15-Aug-03  07:28:00 28.0 2.070 0.182 0.182 
15-Aug-03  07:54:00 54.0 1.849 0.062 0.062 15-Aug-03  07:55:00 55.0 2.233 0.345 0.345 
15-Aug-03  08:39:00 99.0 1.916 0.129 0.129 15-Aug-03  08:40:00 100.0 2.420 0.532 0.532 
15-Aug-03  09:27:00 147.0 1.998 0.211 0.211 15-Aug-03  09:28:00 148.0 2.576 0.688 0.688 
15-Aug-03  10:13:00 193.0 2.061 0.274 0.274 15-Aug-03  10:14:00 194.0 2.700 0.812 0.812 
15-Aug-03  11:16:00 256.0 2.114 0.327 0.327 15-Aug-03  11:17:00 257.0 2.810 0.922 0.922 
15-Aug-03  11:59:00 299.0 2.153 0.366 0.366 15-Aug-03  12:00:00 300.0 2.883 0.995 0.995 
15-Aug-03  13:18:00 378.0 2.203 0.416 0.416 15-Aug-03  13:19:00 379.0 2.969 1.081 1.081 
15-Aug-03  14:13:00 433.0 2.235 0.448 0.448 15-Aug-03  14:14:00 434.0 3.025 1.137 1.137 
15-Aug-03  15:28:00 508.0 2.270 0.483 0.483 15-Aug-03  15:29:00 509.0 3.085 1.197 1.197 
15-Aug-03  16:59:00 599.0 2.310 0.523 0.523 15-Aug-03  17:00:00 600.0 3.145 1.257 1.257 
15-Aug-03  18:16:00 676.0 2.345 0.558 0.558 15-Aug-03  18:17:00 677.0 3.185 1.297 1.297 
15-Aug-03  19:13:00 733.0 2.365 0.578 0.578 15-Aug-03  19:14:00 734.0 3.212 1.324 1.324 
15-Aug-03  20:15:00 795.0 2.388 0.601 0.601 15-Aug-03  20:16:00 796.0 3.241 1.353 1.353 
15-Aug-03  21:20:00 860.0 2.410 0.623 0.623 15-Aug-03  21:21:00 861.0 3.266 1.378 1.378 
15-Aug-03  22:12:00 912.0 2.425 0.638 0.638 15-Aug-03  22:13:00 913.0 3.284 1.396 1.396 
15-Aug-03  23:07:00 967.0 2.441 0.654 0.654 15-Aug-03  23:08:00 968.0 3.299 1.411 1.411 
16-Aug-03  00:11:00 1031.0 2.465 0.678 0.678 16-Aug-03  00:12:00 1032.0 3.317 1.429 1.429 
16-Aug-03  02:11:00 1151.0 2.470 0.683 0.683 16-Aug-03  02:12:00 1152.0 3.491   
16-Aug-03  03:09:00 1209.0 2.505 0.718 0.718 16-Aug-03  03:11:00 1211.0 3.360 1.472 1.472 
16-Aug-03  04:12:00 1272.0 2.517 0.730 0.730 16-Aug-03  04:13:00 1273.0 3.373 1.485 1.485 
16-Aug-03  05:10:00 1330.0 2.532 0.745 0.745 16-Aug-03  05:11:00 1331.0 3.386 1.498 1.498 
16-Aug-03 06:15:00 1395.0 2.545 0.758 0.758 16-Aug-03  06:16:00 1396.0 3.400 1.512 1.512 
 
NARROGIN TEST PUMPING 
41 
Monitoring Bore - Recovery Data Sheet 
Test Start: 15-Aug-03 07:00 Job No. 147g Client: DAWA 
Test End: 16-Aug-03 07:00 
Measurements on Bore: 02NA26S Measurements on Bore: 02NA26D 
Distance from Pumped Bore (m): 41 Distance from Pumped Bore (m): 42 
SWL (mbMP): 1.627 MP (magl): 0.646 SWL (mbmp): 1.630 MP (magl): 0.630 
SWL (mbgl): 0.981 SWL (mbgl): 1.000 
SWL Measured on: 14-Aug-03 13:41 SWL Measured on: 14-Aug-03 13:40 
SWL = Static water level mbMP = Metres below measuring point mbgl = Metres below ground level 
MP = Measuring point magl = Metres above ground level ToC= Top of Casing (Bore) 
 
Date 
Time 
(Hr:Min:Sec) 
Time since 
pumping 
stopped 
(t') (Min) 
Ratio t/t' 
(m) 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual 
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
Time 
(Hr:Min:Sec) 
Time 
since 
pumping 
stopped 
Ratio 
t/t' 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual  
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
16-Aug-03  07:20:00 20.00 73.00 2.784 1.157 1.157 0.012 16-Aug-03  07:21:00 21.00 69.57 3.315 1.685 1.685 0.235 
16-Aug-03  07:35:00 35.00 42.14 2.712 1.085 1.085 0.0 86 16-Aug-03  07:36:00 36.00 41.00 3.114 1.484 1.484 0.439 
16-Aug-03  08:12:00 72.00 21.00 2.575 0.948 0.948 0.230 16-Aug-03  08:13:00 73.00 20.73 2.885 1.255 1.255 0.675 
16-Aug-03  08:41:00 101.00 15.26 2.485 0.858 0.858 0.325 16-Aug-03  08:42:00 102.00 15.12 2.750 1.120 1.120 0.815 
16-Aug-03  09:39:00 159.00 10.06 2.352 0.725 0.725 0.468 16-Aug-03  09:40:00 160.00 10.00 2.560 0.930 0.930 1.016 
16-Aug-03  10:27:00 207.00 7.96 2.275 0.648 0.648 0.553 16-Aug-03  10:28:00 208.00 7.92 2.455 0.825 0.825 1.129 
16-Aug-03  11:32:00 272.00 6.29 2.197 0.570 0.570 0.641 16-Aug-03  11:33:00 273.00 6.27 2.338 0.708 0.708 1.257 
16-Aug-03  12:31:00 331.00 5.35 2.138 0.511 0.511 0.709 16-Aug-03  12:32:00 332.00 5.34 2.260 0.630 0.630 1.345 
 
Pump Start: 15-Aug-03 07:00  Job No. 147g  Client: DAWA 
Pump End: 16-Aug-03 07:00 
Measurements on Bore: 02NA27S      Measurements on Bore: 02NA27D 
Distance from Pumped Bore (m): 26    Distance From Pumped Bore (m):  27 
SWL (mbMP): 1.555 MP (magl): 0.578    SWL (mbmp): 1.581 MP (magl): 0.595 
SWL (mbgl): 0.977 SWL (mbgl): 0.986 
SWL Measured on: 14-Aug-03 13:44    SWL Measured on: 14-Aug-03 13:43 
SWL = Static water level  mbMP = Metres below measuring point  mbgl = Metres below ground level 
MP = Measuring point  magl = Metres above ground level  ToC= Top of Casing (Bore) 
 
Date 
Time 
(Hr:Min:Se
c) 
Time since 
pumping 
stopped 
(t') (Min) 
Ratio t/t' 
(m) 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual 
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
Time 
(Hr:Min:Sec) 
Time since 
pumping 
stopped 
Ratio 
t/t' 
(m) 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual 
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
16-Aug-03  07:18:00 18.00 81.00 3.096 1.541 1.541 0.031 16-Aug-03  07:19:00 19.00 76.79 3.372 1.791 1.791 0.306 
16-Aug-03  07:33:00 33.00 44.64 2.996 1.441 1.441 0.134 16-Aug-03  07:34:00 34.00 43.35 3.105 1.524 1.524 0.576 
16-Aug-03  08:10:00 70.00 21.57 2.770 1.215 1.215 0.366 16-Aug-03  08:11:00 71.00 21.28 2.860 1.279 1.279 0.828 
16-Aug-03  08:39:00 99.00 15.55 2.628 1.073 1.073 0.513 16-Aug-03  08:40:00 100.00 15.40 2.720 1.139 1.139 0.973 
16-Aug-03  09:37:00 157.00 10.17 2.439 0.884 0.884 0.711 16-Aug-03  09:38:00 158.00 10.11 2.520 0.939 0.939 1.184 
16-Aug-03  10:25:00 205.00 8.02 2.327 0.772 0.772 0.831 16-Aug-03  10:26:00 206.00 7.99 2.411 0.830 0.830 1.301 
16-Aug-03  11:30:00 270.00 6.33 2.215 0.660 0.660 0.953 16-Aug-03  11:31:00 271.00 6.31 2.295 0.714 0.714 1.428 
16-Aug-03  12:29:00 329.00 5.38 2.146 0.591 0.591 1.031 16-Aug-03  12:30:00 330.00 5.36 2.215 0.634 0.634 1.518 
 
NARROGIN TEST PUMPING 
42 
Monitoring Bore - Recovery Data Sheet 
Test Start: 15-Aug-03 07:00 Job No. 147g Client: DAWA 
Test End: 16-Aug-03 07:00 
Measurements on Bore: 02NA28D Measurements on Bore: 02NA28I 
Distance from Pumped Bore (m): 28 Distance  From Pumped Bore (m) 28 
SWL (mbMP): 1.113 MP (magl): 0.601 SWL (mbmp): 1.201 MP (magl): 0.576 
SWL (mbgl): 0.512 SWL (mbgl): 0.625 
SWL Measured on: 14-Aug-03 13:26 SWL Measured on: 14-Aug-03 13:27 
SWL = Static water level mbMP = Metres below measuring point mbgl = Metres below ground level 
MP = Measuring point magl = Metres above ground level ToC= Top of Casing (Bore) 
 
Date 
Time 
(Hr:Min:Sec) 
Time since 
pumping 
stopped 
(t') (Min) 
Ratio t/t' 
(m) 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual 
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
Time 
(Hr:Min:Sec) 
Time since 
pumping 
stopped 
(t) (Min) 
Ratio  
t/t' 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual 
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
16-Aug-03  07:27:00 27.00 54.33 2.699 1.586 1.586 0.519 16-Aug-03  07:28:00 28.00 52.43 2.451 1.250 1.250 0.129 
16-Aug-03  07:41:00 41.00 36.12 2.531 1.418 1.418 0.689 16-Aug-03  07:42:00 42.00 35.29 2.350 1.149 1.149 0.234 
16-Aug-03  08:19:00 79.00 19.23 2.325 1.212 1.212 0.903 16-Aug-03  08:20:00 80.00 19.00 2.171 0.970 0.970 0.425 
16-Aug-03  08:48:00 108.00 14.33 2.202 1.089 1.089 1.032 16-Aug-03  08:49:00 109.00 14.21 2.077 0.876 0.876 0.528 
16-Aug-03  09:46:00 166.00 9.67 2.020 0.907 0.907 1.225 16-Aug-03  09:47:00 167.00 9.62 1.938 0.737 0.737 0.684 
16-Aug-03  10:33:00 213.00 7.76 1.920 0.807 0.807 1.334 16-Aug-03  10:34:00 214.00 7.73 1.862 0.661 0.661 0.773 
16-Aug-03  11:37:00 277.00 6.20 1.810 0.697 0.697 1.456 16-Aug-03  11:38:00 278.00 6.18 1.783 0.582 0.582 0.870 
16-Aug-03  12:39:00 339.00 5.25 1.730 0.617 0.617 1.547 16-Aug-03  12:40:00 340.00 5.24 1.728 0.527 0.527 0.941 
  
Test Start: 15-Aug-03 07:00 Job No. 147g Client: DAWA 
Test End: 16-Aug-03 07:00 
Measurements on Bore: 02NA28S 
Distance from Pumped Bore (m): 28 
SWL (mbMP): 1.225 MP (magl): 0.558 
SWL (mbgl): 0.667 
SWL Measured on: 14-Aug-03 13:26 
SWL = Static water level      mbMP = Metres below measuring point     mbgl = Metres below ground level 
MP = Measuring point       magl = Metres above ground level ToC= Top of Casing (Bore) 
 
Time since 
pumping 
stopped 
Ratio 
t/t' 
Water 
Level 
Residual 
Drawdown 
Corrected 
Residual  
Drawdown 
Calculated   
Recovery Date 
Time 
(Hr:Min:Sec) 
(t') (Min) (m) (m) (m) (m) (m) 
16-Aug-03   07:29:00 29.00 50.66 2.214 0.989 0.989 0.021 
16-Aug-03   07:41:00 41.00 36.12 2.169 0.944 0.944 0.069 
16-Aug-03   08:22:00 82.00 18.56 2.050 0.825 0.825 0.200 
16-Aug-03   08:50:00 110.00 14.09 1.978 0.753 0.753 0.279 
16-Aug-03   09:48:00 168.00 9.57 1.872 0.647 0.647 0.400 
16-Aug-03   10:35:00 215.00 7.70 1.810 0.585 0.585 0.473 
16-Aug-03   11:39:00 279.00 6.16 1.751 0.526 0.526 0.548 
16-Aug-03   12:40:00 340.00 5.24 1.703 0.478 0.478 0.610 
 
NARROGIN TEST PUMPING 
43 
Monitoring Bore - Recovery Data Sheet 
Test Start: 15-Aug-03 07:00 Job No. 147g Client: DAWA 
Test End: 16-Aug-03 07:00 
Measurements on Bore: 02NA03OB Measurements on Bore: 02NA03D  
Distance from Pumped Bore (m): 74 Distance  From Pumped Bore (m) 76 
SWL (mbMP): 1.787 MP (magl): 0.680 SWL (mbmp): 1.888 MP (magl): 0.713 
SWL (mbgl): 1.107 SWL (mbgl): 1.175 
SWL Measured on: 14-Aug-03 13:37 SWL Measured on: 14-Aug-03 13:34 
SWL = Static water level mbMP = Metres below measuring point mbgl = Metres below ground level 
MP = Measuring point magl = Metres above ground level ToC= Top of Casing (Bore) 
 
Date 
Time 
(Hr:Mi
n:Sec
) 
Time since 
pumping 
stopped 
(t') (Min) 
Ratio 
t/t' 
(m) 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual 
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
Time 
(Hr:Min:Sec) 
Time since 
pumping 
stopped 
Ratio 
t/t' 
Water 
Level 
(m) 
Residual 
Drawdown 
(m) 
Corrected 
Residual 
Drawdown 
(m) 
Calculated 
Recovery 
(m) 
16-Aug-03  07:22:00 22.00 66.45 2.558 0.771 0.771 -0.004 16-Aug-03  07:23:00 23.00 63.61 3.327 1.439 1.439 0.089 
16-Aug-03  07:37:00 37.00 39.92 2.551 0.764 0.764 0.006 16-Aug-03  07:38:00 38.00 38.89 3.209 1.321 1.321 0.210 
16-Aug-03  08:14:00 74.00 20.46 2.510 0.723 0.723 0.054 16-Aug-03  08:13:00 73.00 20.73 3.040 1.152 1.152 0.386 
16-Aug-03  08:43:00 103.00 14.98 2.462 0.675 0.675 0.107 16-Aug-03  08:44:00 104.00 14.85 2.928 1.040 1.040 0.504 
16-Aug-03  09:42:00 162.00 9.89 2.381 0.594 0.594 0.198 16-Aug-03  09:43:00 163.00 9.83 2.760 0.872 0.872 0.683 
16-Aug-03  10:29:00 209.00 7.89 2.325 0.538 0.538 0.262 16-Aug-03  10:30:00 210.00 7.86 2.665 0.777 0.777 0.786 
16-Aug-03  11:34:00 274.00 6.26 2.272 0.485 0.485 0.326 16-Aug-03  11:35:00 275.00 6.24 2.560 0.672 0.672 0.902 
16-Aug-03  12:34:00 334.00 5.31 2.225 0.438 0.438 0.382 16-Aug-03  12:35:00 335.00 5.30 2.485 0.597 0.597 0.987 
 
